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Abstract 

f-H , The refined Swan conductor is defined by K. Kato [2], and generalized by T. Saito 

' [5]- In this part, we consider some smooth /-adic etale sheaves of rank p such that we 

• ' can be define the rsw following T. Saito, on some smooth dense open subscheme U 

i^H , of a smooth separated scheme X of finite type over a perfect fields k of characteristic 

' p > 0. We give an explicit expression of rsw{T) in some situation. As a consequence, 

we show that it is integral. 

1 Introduction 

> 

^SJ ' The classical Swan conductor is defined in the case where the extension of residue field is 

, separable. 

Kato in [2, gives a natural definition of the Swan conductor for a character of degree 
one, which works without the separability assumption of the extension of the residue field. 
In the same paper, he gives the definition of the refined Swan conductor rsw. 

Kato in [3], redefines the refined Swan conductor as an element in the stalk of the sheaf 
u!x{sw{x)), where ujj^ is the logarithmic cotangent sheaf, and extend it to a global section. 
We call the property of rsw that can extend to a global section " integral " . He defines a 
0-cycle to generalize the Swan conductor, by using the refined Swan conductor. 

Along with the generalization of the Swan conductor, Grothendieck-Ogg-Shafarevich 
formula is generated also. 

Kato and Saito in [4] , define the Swan class as a 0-cycle class supported on the ramifica- 
tion locus as a refinement of Swan conductor, and generalize the G-O-S formula to arbitrary 
rank. In the situation that the scheme have dimension < 2 and the sheave have rank 1, the 
Swan class is consistent with the 0-cyclc class defined in [3]. 

Abbes and Saito in jl], define a characteristic class of an Z-adic sheaf as a refinement of 
the Euler-Poincare characteristic, and get a refinement of the G-O-S formula for /-adic sheaf 
of rank 1, in term characteristic class and the 0-cycle class defined for rank 1 sheaves in [3], 
by explain the refine Swan conductor by a linear form on some vector bundle on D. 

Saito in |5], by redefine rsw, defines the characteristic cycle of an Z-adic sheaf, as a cycle 
on the logarithmic cotangent bundle. Under some condition ([5], p53, the condition (R) 
and (C)), he proves that the intersection of characteristic cycle with the 0-section computes 
the characteristic class defined in for Z-adic sheaf of arbitrary rank, and hence the Euler 
number. The property " integral " of rsw is a part of the condition. 
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In this paper, we consider some smooth ?-adic etale sheaves of rank p, that can be defined 
the rsw follow [5] , on some smooth dense open subscheme J7 of a smooth separated scheme 
X of finite type over a perfect fields k of characteristic p > 0. We give a explicit expression 
of rsw{J-) in some situation. In fact, we would sec, that it is integral, namely 

rsw{T) e TiD,iini^{logD){kD)) 

where iu '■ D — > X is the closed immersion. 

In §2, we study the ramification of the Artin-Schreier covering. In §3, we study the 
ramification of some Galois coverings of degree . In §4, we study the ramification of some 
l-adic sheaves. 



2 Artin-Schreier covering 

Let X be a separated smooth scheme of finite type over a perfect field n of characteristic 
p > D = X \ U he & smooth divisor, U ^ X\D. 

Let {X X and {X x X)^'^^^ be the log blow-up and the log diagram blow-up oi X x X 
defined in [S] respectively, {X x \ U x U , E :^ {{X x X)^^^) \ U x U)red- Wc 

denote the ideal sheaves of AX in {X x X)~ and {X x X)'^^^^ by Iax and JTax respectively. 
Let ^, rj be the generic point of D and E respectively, then there exists only valuation ve 
of 0(xy.x)i''0),-,v s^'^h that VE{f ® 1) = VD{f) for any / G Ox,^- 

Lemma 2.1. If f e T{X,0{nD)), then 1 (g) / - / ® 1 € T{{X x XY''^^ JaxHu - k)E)). 
Proof. Let us consider the commutative diagram 

E ^ (X X X)^^-") AX U kE 

E° ^ {X X AX 



D 

We have 

Iax 4>':JAx{-kE), 0^xxX)AnE") 0!O(xxX)(-) 

hence 

lAxinE") 0j JAx((n - k)E) 

Therefore 

1®/-/®! = /® ® / - 1) e r((X X X)-,lAx{nE")) 

-^r{{X X Xr,cf,';JAx{n-k)E) ^r{{X X X^^^^l JAx{n - k)E) 

□ 
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We have an exact sequence 

H°{U,Ou) 







Therefore any Galois covering of U with Galois group Z/pZ, can be defined by equation 
TP - T - f, where / e H"{U, Ou). - T - / and - T - /o define same covering 
if and only if / = /o + /i ^ /f for some /i G H^{U,Ou). It easy to sec, for any Galois 
covering V oi U with Galois group Z/pZ, that wild ramified on D, there exists a n £ N 
such, that V can be defined by equation — T — f for some / £ T{X,Ox{nD)) and 
df e nl^{logD){nD)^ \ n\x{logD){nD-)^. 

Proposition 2.2. // / e T{X,0{nD)) and df e n^^x{logD){nD)^ \ n\x{logD){nD~)(^, 
then as the element of K{{X x X)^^^), w_e(1 ® f — f ®1) = k — n. 



Proof. Consider the commutative diagram 

{X X X)^^'^^ 



AX 



D 



Then we have a commutative diagram 

r((X xX)(^^),JAx((n-fc)i?)) 



TiE,i*JAxiin-k)E)) 



but 



T{AX, S*jAx{{n-k)E)) 



T{D,i*i,S*jAx{{n-k)E)) 



S^JAxiin - k)E) = S*Jax ■ 5*0^x^x)i-m{{n - k)E) = 5*Jax ■ OaxHu - k)D) 
n\x{\ogD){kD) ■ OaxHu - k)D) = nix{\ogD){nD) 

and 

i*JAxiin - k)E) = loiin ~ k)E) 

Therefore we have 

T{{XxX)(^^\jAx{{n-k)E)) 



r(AX, 5* JAx{{n - k)E)) 



T{E,lD{{n-k)E)) 



T{D,il5*JAx{{n-k)E) 



The image of 1 (g) / - / ® 1 in T{D,i\,Vl\x{\ogD){nD)) is df . 
However 

il,Vl\^{logD){kD) 
= i-o^n\x{logD){kD) Od 

- z-^'n\^{logD){kD) j^i^f 

_ OXA-('°g-P)(fe-P) 

- Q.\^(logD)(kD-) 



r(AX, r!i;,(logi^)(ni?)) 



r(i?,*i,r!X;,(iogi?)(,^z?))) 
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hence 

{tini^{logD){kD))^ 

_ n]:^_^ilogD)ikD) . 

~~ \''D iy^^{logD){kD-)>i 
_ , nl^{logD){kD) . 
^nl.^{logD){kD-)>i 

df is not in {i*j^n\x{logD){kD))^, so is not in T{D,i*jjn\x{'^ogD){nD)). Hence 1®/- 
/ (g) 1 is not in r(£',Zu((n - k)E)). Therefore ^^(l ® f - f ®l) = k-n. 



3 Galois coverings of degree 

Now, let us consider the Galois covering V defined by equations T^—T—f, S^—S—g, V^—U- 

r/f a c\ 

/5-/ion[/, where/, 5,/ier(J7,Ou)- TheGaloisgroupG= < f |a,6,ceZ/pZ 





a 




l(: 


1 












V has two quotient coverings Vt and Vs^ which are defined on U by equation — T — f 
and — S ~ g respectively. In the following part of this paper, we always suppose 

df G n],ilogD)inD)^\n],(logD)inD-)^ 

dg e n],ilogD)imD)^ \ n],{\og D){mD-)^ 

dh G nl,{logD){rD)^\n],(logD)irD~)^ 

where n = ~VD{f),rn ^ -VDig),r = -voih). 

We have a filter of subgroups of G x G as follows : 

GxGdTVdAGdI 



where iV=n 1 6,0 1 b |a, 6, c, c' e Fp ^ , AG = {(.g, £ G}. 




Let Zi := {V x y)AG, Wi := x y)Ar be the quotient of F x under the action of AG 
and N respectively; Zq,Wo be the normalization of Zi,Wi over {X x xy^^^^ respectively. 

Lemma 3.1. (1). If k > max{m, n}, then Wq — > {X x X)^''^^ is Galois with Galois group 
isomorphic to Z/pZ x Z/pZ 

(2). If k > niax{m, n}, then Zq and Wq is splitting to 's connected components over 
EUAX. 

Proof. 

(!)• 

V xV ^ Sner Ou'g>Ou[T,SM,T' M'] 

^ TP-T- f(E)l,SP-S-g(g)l,UP-U~{f(g)lS + h(g)l), 
* T'P - T' - 1 ® /, - 5' - 1 ® g, U'" - [/' - (1 ® fS' + l®h) ^ 



Spec 



Ou(S)Ou[T,SM,T,S,U] 



TP ~ T ~ f (I) 1, SP ~ S - g ® l,UP - U - if ® IS + h), 
'■ fP ~f ~ Ki,SP ~ S - A'2, UP - U - {1(E) fS' - f ^IS + A4) 



Where Ki = l<^f-f(S,l,K2 = l(Eg-g(El,K4 = l(Eh-h(S>l<EOu 



xU 
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Therefore 



Wi = Spec 



(TP ~T ^ Ki,SP - S ~ K2) 



If > max(m,n), then by lemma we know Ki,K2 G T{{X x XY''^\0^xxxy''0))- 

Then 



Wo = Spec 



(XxJf)(«) 



[T,S] 



(TP -T - Ki,SP - S - K2) 



(2). If fc > max(m,n), then by lemma ()2.2p . we know ve{Ki) > 0,?;£;(i<r2) > 0. On the 
other hand, we know K^^x = 0, K2\ax = because Kl^A^ = 0, K2\au = 0- Then 



Spec 



O(EUAX) 



Therefore 



^0 X{XxX)(i''^1 U AX) — Zq Xt^q 



□ 

Theorem 3.2. Take a suitable k, then we have 

(1) . Over Eofi, F is a Galois covering defined by an Artin-Schreier equation, or splits 
to p's connected components; over AXofi, it splits p's connected components. 

(2) . In the commutative diagram 




[X X 



]\l^,{EyjAX)i^, 



EUAX- 



0,0 



iEuAX)o,o 



[E U AX) 



the base change map 4'dA''^ii*'4'W* — ^ V'i2*V'i2Tt''/'oi* ^■s a isomorphism for constructible 
sheaf. Where we use ^'j^^ to denote the unique morphism from the object at site {i,j) to the 
object at site {k, I) (if it exists). For example iI'Iq ~ j , i/jf^ = i+. 



Proof. 

(1). We can see 



Zi = Spec- 



OwdU-Sf] 



{{U - ST)P ~ ([/ - ST) - K3) 

where K3 = {Ki + f® 1)S -g® l(f + Ki) + 

Let Wo^Wo\ lJ(M)#(o,o)(^ U AX),-,„ = Z^ Xw„ Wo = ^0 \ 1J(m)#(o,o) ^m- Then 
Zq is the normalization of Zi over Wo. Let 77 and 770,0 be the generic point of E and i?o,o 
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respectively, then there is a unique extension veoo ^^e stalk O^,^^ of valuation ve, such 
that the restriction of ve„ „ on YxX)(«).r( is just ve- 
We have 

A'3 ^ {K^ + f® 1){SP - K2) -g® 1{T + Ki) + Ki 

= KiSP + f®lSP~ K1K2 g®lfP + Ki~ f ®1K2 

where «£;(, (,(/ (8)1) = — n, „ (f;(g)l) = — m, u^;^ (,(^^4) > fc-r by lcnima l2.21 and vs,, ^ (-^1) = 
k — n,VEo ~ fc — TO by proposition 12.21 Moreover, we have veoo{T) — k — n, and 

VEg^oi^) = k — m, because fP — f — Ki = and Sp — S — K2 = 0- Therefore we can take 
enough big k such, that VEo.oi^s) ^ 0; then g r(Wo, ^Wo^- Therefore 



Wi 



Za = Spec 
Zo^ 



(([/ - ST)P -{U - ST) - Ks) 
Ui,s hs ::: ^0,0 - 



^0,0 




0,0 



I 

Eo,o 



U xU ^ (X X -^^^ — (£; U AX) 



(EuAX) 



AX 



Y 

E 



We can see Zq is a Galois covering of Wq and 

^0,0 = ^0 ^0.0 = Spec- 



{RP-R-K3) 
is a Galois covering of £'0,0 • 

On the other hands. It easy to see K3 vanish on AC/q.Oj then on AXq^. Therefore 



Zo A^o,o = Spec- 



{RP ~ R) 



(2). We have 



ip^i*Tp*'ipi-t: (ipc is a open immersion) 

^^*il'i(j>Ql* (smooth base change) 
V'll^V'iiir'/'oi'^ (-0'^ is a open immersion) 
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Corollary 3.3. For constructible sheaf, The base change map ipW* i^^'^ 
is a isomorphism. 



□ 




U xU- 



U, AXo,o,,. A^i 



^ Wo UiA^ U AX),-., ^{EU AX)o,o AXo,o ^ 

Y ^ I Y 

{X X EUAX ^ {E U AX) ^ AX 



(1) 
□ 



0,0 



AXo,o 



Corollary 3.4. Take a suitable k, we have a commutative diagram 
VxV VxuV ^ Uu.u Vi^s,u Uu.u yt^s,u - 



Zi 



Yeuax 



Y 

Zo 



Y 



Ya 



mc^o,o. 



0,0 ■ 



V 

C^o,o 



Ay 



Ay 



Y 

C^o.o.o 



U.AX 



Y 

C^o,o 



AX 



Y 

f/o,o 



Y[i ,{E U AX),-., ^{Eyj AX)o.o 



U xU ■ 




{X X X)(^) 



V 

AC/- 



V 

AC/<= 



A Y 

- AX-^ 



Y 

AC/- 



AX 



Y 

AC/ 



U AX - 



{E U AX) 



A Y 
-AX 



AX 
(2) 
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Denote. Let (jit^^j. denote the unique map from the object at site {i,j,k) to the object at 
site {p,q,r) (if it exists) of the diagram ([2]) . For example ^^qq = 0ooo = J' '^ooo = '/'i' 
and = ju- 



4 /-adic sheaves of rank p 

G have a normal subgroup H ~ 
Z/pZ — > Q* , we define a character 

X ■ 





a 




!(: 


1 


i) 










For any character x 




^ X(c) 

We denote the induced representation Ind^x by p- In fact, we can see 
p: G 



( 




xHp - b)a + c) 



X(c) 



xHp - l)a + c) 



V 



xHp - b ^ l)a + c) 



This defines a locally constant Q;— sheaf T of rank p on U. 
Proposition 4.1. Under the setting of the diagram 

D 



AU 




U xU 



E 



AX 




ED AX 



{X X ^ 

There exists a sheaf C satisfying the following conditions 

(1) . C is embedding in i'^*ji,T-L. 

(2) . C\E a constant sheaf or a locally constant sheaf defined by an Artin-Schreier 
equation which constant term a linear form on E. 

(3) . L\^x^iuMM. 



Proof. 
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(1). TL is determined by the action of tti{U x U) on iJom(Qf,Qf) as follow: 



TTliU X U) 



Gal{V X V/U X U) 



1 


a 






a' 


c' 





1 







1 


6' 










^ 





1 



GL(ifom(Qf,Qf)) 



P' X xP" 



where 



X(c) 



P' = 



X(c') 



V 



Xiip-b)a + c) 



Xiip-b - l)a + c) 



Xi{p~b')a' + c') 



X{{p-b' -l)a' + c') 



Xiip- l)a + c) 



Xiip - l)a' + c') 



I 



For any a G 7ri(VFi), the image of a in Gal{y x F/L/ x t/) is in fact contained in 

//I a c\ /I a c' 
Ga^(y X y/Wi). Therefore we can write the image by O 1 5 , 1 6 

\\ 1 / \ 1 

We can sec the image of the identity clement / e _ffom(Qf under the action of a is 
X(c'-c)/. It follow that Q;/ is a Q,[7ri(M^i)]-submodulc of iJom(^f, Qf). Therefore we got 
a smooth subsheaf V of (?i>*H which is trivialized by Z\. 

Let functor (/'ooi*'^ooL act on P 01^, we get 







,201* ,011 25 

f^ooi '?'ooi*-^ 



i201* ,011 
f^OOl "/^oo 



But we know the base change map (i^^* i^H — > c, 
Galois, so is smooth. Therefore we have 

1 — ^201* JQOI* ■ nj 

1*01 n. - 0001 <Pooo J* ^ 



iOll 

"oo 



j^201* ,011 
f'OOl 'A'oOl* 



1*01^ is a isomorphism, because 4>mQ 



i201* ,200* ■ nj _ ,•+*„ 
^200 V'OOO J*"- 



Let £ = (^^^J'^c^^J}^!?, then £ is embedded to i+*ji,n. 



''OOl V^OOl 

(2). Consider the diagram ([T|), Wc have 



li^ColFo.o = (V'frV'i'l*^?)|So,o|Fo,o = {tirrii*fimF..o = (V'f2^>i'2*^oT2?)|Fo.o 

But ipQ^*!) is a constant sheaf, then C^Eo o\Fo o ^ constant sheaf also. 
(3). Refer to the diagram ([2]), we have 



(by theorem [321 (2)) 



,402* ,401* ,011 -T) 
^•401 "Pool <P001*^ 



i402* ,012 J,012*.p 
''002 S"002*'?'011 
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by corollary 13. 31 On the other hand, it easy to see, 



x402* i411 ,411^ 
''401 'P401itf01 



,412 ,412* ,012* 
f'402*<A'012 S^Ol 



But (/)q2i 2? is a constant sheaf, then 



,402* ,012 J,012*^ 
''002 '?'002*'?011 



,412 ,412* ,012*-p 
'402*V'012 'Poll ^ 



Therefore 



,402* ,401* ,011 ^ 
"401 rool 'i^OOl*-'^ 



i 402* ,411 J,411*j) 

^^401 Vim*(Pmi 



1.8 



□ 



Remark 4.2. In [5], the rsw is defined to a injective ([5], Corollary 1.3.4): 
rsw : i/om(Gr;';^GK,Fp) n^log) ®f m^''^ /ni!:-''^+ 

where K is the henselization of the stalk of Ox at the generic point of D, F is its residue 
fields, is a separable closure of K. mi^'''' = {a G K\vK{a) > —k} and mil'^-''*' ~ {a E 
K\vK{a) > ~k}. There is a filtration (G^ ,„g)aGQ>o of Gk = Gal(ir/ii:), and Grf^gGK is 
the graded pieces {G'j^jog/G'i^Aog)- 

In our case, we have a morphism of filter 



Y 
G 



and Gri Gk = G'^, where 



G* = 



A', log 



^if.log 











Y 






G*^ 3 


1 













(: 


1 


i) 




> ~ Z/pZ 














p is a Galois representation of dimension p, whose unramified on U. Its restriction on 
G^jog factors by 




This is a direct sum of p's character x '■ ^x.iog — ^ ■ X can be regarded as a element 
of Hom(Grl^gGK,^p), therefore we can define the refined Swan conductor of T by rsw{x)- 
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Now, let us consider the commutative diagram following: 




However, jf^x — '>P*Jax- Hence 

i* J/^x — i*JAx, S*Jax = S*Jax 
Therefore, we have a commutative diagram 

T{W, Jax) r(AX, 6*Jax) r{AX, ^l\^{logD){kD)) 



T{E,Id) ^r{D,i*iyd*jAx) ^T{D,t*^n\^{logD){kD)) 

By Corollary 1.3.4 and the proof of Theorem 1.3.3 in [S], when C^^ is a locally constant sheaf 
defined by a Artin-Schreier equation W—R—K^, the image of in r(D, i*jyil\x{l'OgD){kD)) 
is the rsw{J-) 

Theorem 4.3. We can compute rsw(J-) as follow: 

(1) . Ifr > m + n, then rsw{T) = dh e T{D,i*^Q\x{logD){kD)) , where k^r. 

(2) . Ifr < m + n, then rsw{T) = —fdg £ r{D,i}yn\j({logD){kD)), where k = m + n. 
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(3) . If r = m + n, and n > m, and dh - fdg S ftx{logD){kD)^ \ ^\-{logD){kD~)^ for 
some k>n+'f, then rsw{F) ^ dh - fdg e r{D,i}jn\xilogD){kD)). 

(4) - If r ~ m + n, and m > n, and dh — fdg G il^{logD){kD)^ \ Q,\r{logD){kD^)(^ for 
some k > m+ ^, then rsw{J^) ^ dh - fdg e T{D,i*jjVL\x{logD){kD)). 

Proof .We have 

= {Ki + f® 1){SP - K2) -g® 1{T + i^i) + 

= KiSP + f®lSP- K1K2 -g®lfP + lU - / «) 1X2 

where w_E(„o(/ ® 1) = -n,VEoA9 ® 1) = -m, and VEa^oi^i) = fc - r,VEo,o{Ki) = fc - 
■*'Bo,o(-^2) = fc — m by proDOsition l2.2l Moreover, we have w^Jq q (T) = k — n, and „ (S*) = 
k — m, because Tp — f — Ki ~ and Sp — S — K2 = 0. We can abuse w_Eo,o ^^'^ ^e, and 
write the valuation of terms of K3 in following table 



term 


KiSP 


f®lSP 


K1K2 


g®lTP 




f ® IK2 


VE 


k — n + p{k — m) 


p{k — m) — n 


2fc — m — n 


p{k — n) — m 


k — r 


k — m — n 



Therefore, 



(1) .Jnthissituation, VE{Ki) = 0, SindvE{KiSP+fmSP-KiK2-g®lfp-fmK2) > 0. 
Hence 'K^ = TU€ T{E,Id). The image of in T{D ,i*jjVt\x{logD){kD)) is dh. 

(2) . In this situation, V E{~f®lK2) = 0, (mc\vE{KiSP+f®lSP-KiK2-g®lfP+Ki) > 
0. Hence K3 = -/ ® IK2 E T{E,Id). The image of ~f®\K2 in T{D,i}jn\x{^ogD){kD)) 
is -fdg. 

(3) By the following lemma, wc know veIK^ — f ® IK2) > 0. In other words, we know 
also 

ve{KiSP + f®lSP - K1K2 ~g® ifP) > 

Hence 7?3 = K4, - f ® IK2 G T{E,Id). The image of A'4-/®1A'2 inT{D,i*jjVL\x{logD){kD)) 
is dh — fdg. dh ~ fdg is not as a element in T{D,i*jjH\-x{^ogD)(kD))^ because it is not 
in n]^{logD){kD-)^. Therefore A4 is not in T{E,Id). 

(4) . It is similar to (3). 

Lemma 4.4. Under the condition in (3) of previous theorem, we have ve{Kh^ f ®\K2) > 0. 

Proof. Let us consider the diagram 

{X X X)'^''^') AX U kE ^ kE 

4," 

{X X X)~ ^ AX 

Let i^ be the morphism from kE to {X x X)^^'^\ then we have a commutative diagram 
> C'(xxX)('=o) {-kE) a- C'(xxX)('=o) ^ i'tOkE ^ 



Y Y y 
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of sheaves of 0(^xxx)(''0^ module, and a commutative diagram 

^lix{kE'>) ^Iax (kE^) 5Unix{^ogD){kD)) ^ 

Y Y Y 

^ (rE^) ^lAx{rE°) ^ S", (ft^^ {log D){rD)) ^ 

of sheaves of 0(^xxX)~ module. Where where i?" is the complement oi U x U in {X x X)"' 
as a reduced scheme, and Iax is the ideal sheaf of AX in {X x Let JTax be the ideal 

sheaf of AX in {X x X)'^^'^\ then we have a morphism 

Iax (bIJAxi-kE) 0jO(xxX)(-) ("fc^^) 



of sheaves of 0(xxx)~ module. Therefore we have a commutative disgrame 

-^AA-(fcS°) ^lAx{kE°) ^S^nixi^ogDKkD)) -0 




&ixxx)c^^ {{r - 2k)E) ^ cj^lO^xxxy"^) {{r ~ k)E) ^ <Plil0kE{{r - k)E) 

of sheaves of 0(xxx)~ module, where the morphisms 

5l{n\x(yogD){kD)) q^'AOkE, 6"AnlxiiogD)irD)) 4>1ilOkE{{r - k)E) 



are induced by 

:iAx{kE°) ~> 
respectively. 
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Take the global sections, we have 
r((X X X)-,lAx{kE°)) 



rax xX)-,lAx{rE'')) 



-T{kE,OuE) 



T{AX,n\^(\ogD){rD)) 



T{{X X X)^^-^), ((r - k)E)) ^ T{kE, OkE{{r - k)E)) 

Now, Ki and / (g) IK2 is in T{{X x X)~,Xax(?'-E°)), the image dh - fdg of - 
f (E) lK2_m T{AX^xi^ogD){rD)) is in fact inside T{AX, n^^i^og D)(kD)). Hence its 
image - f IK2 in T{kE,OkE{{r - fc)^;)) is in fact inside T{kE,OkE)- Therefore 

VEiKi- f^lK2) > 0. 
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